Math 50 Fall 2017
Homework #1
(1) Verify that the least squares estimators are given by :
Bo=7— hz
Br = Suy/Sux

Hint. Start with the equations
_22 (yz — fo — Blfﬂz) =0
i=1
*22 (Z/z - Bo - 31%) z; = 0
i=1
and solve for the unknowns.

(2) Note that in our definition

n
Sa;y = Zyi (ZEZ —:f).
i=1
This is not the covariance since covar(x,y) = % S (=) (vi — 9)-
First show that
Szy = n covar(z,y)
and using that conclude
5 covar(z,y)

var(x)

(3) Calculating the expectations show that
(a) B1 is an unbiased estimator of (3.
(b) ||| is an unbiased estimator of no?.

(4) For a given sample, suppose that we calculated the least squares estimators BO and Bl- In
addition, let us assume we know that at x5 = 0 the values ¢5 and e5 are equal. Would that
give you extra information about how good your least squares estimators By and B1. Explain.
(Hint: The goal of this question is to help understand the difference between ¢; and e;. Write
the equations that define them and use the given information.)

(5) Consider the Rocket Propellant example. The data is at
https://math.dartmouth.edu/~m50f17 /propellant.csv
Write an R script to do the following in the given order.

(a) Plot the scatterer diagram. (x-axis is Age, y-axis is Shear Strength)

(b) Fit a simple linear regression model to the data. Plot the fitted line onto the scatterer
diagram.

(c) Suppose that you realized there is an error in the table and in the last entry the age
should be 11.5 instead of 21.5. After correcting that data, plot the new fitted line onto
your plot using a different color. (Your plot should have scatterer data and two line
plots).

(d) Compute the mean and variance of residuals of the last regression model.



